Many planners believe that population densities can be fixed by design as cities expand. Many urban development plans aim at compact cities growth. However, compact cities are possible only with very high land prices produced by constraints on land supply. In this paper I show that the spatial distribution of land prices and densities are closely correlated and that they follow a predictable pattern produced by market forces. By using models developed by economists, planners could better understand both the pattern of densities in existing cities and how these densities are likely to respond to changes in size of population, households' income, and transportation speed and cost. I provide operational examples showing how planners can use economic models to project land and infrastructure needs for urban expansion. Using the master plan of Hanoi as an example, I show that disregarding the predictable forces exerted by the labor and land market results in poor chances for implementation and a misallocation of infrastructure investments. I conclude by showing the important role planners can play in designing infrastructure and land regulations once they have understood the mechanisms driving urban labor and land markets.
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We have seen that markets are responsible for population densities. High demand for a specific location increases density while low demand decreases it. Density is an indicator of land consumption, reflecting the equilibrium between supply and demand for land in a specific location. Population density is therefore an indicator dependent on market parameters, mainly households' income, land supply elasticity, and transport speed and cost.
In more simple terms, densities reflect the preferences of consumers when they have to make a choice between variously priced options. Large density variations within the same city reflect the diversity of households' preferences. This diversity reflects income differences between households but it also reflects different choices made by households of similar incomes but different urban environments -inner city or suburb, for example.
Planners, therefore, cannot impose densities through design.
However, planners need to be able to project population densities based on their understanding of markets and consumers' preferences. Planners' ability to project densities as accurately as possible is important; an accurate projection will greatly facilitate the design of infrastructure and community facilities. However, planners should be aware that markets are subject to external shocks that nobody can anticipate and that their projections are only educated guesses at best. They should abstain from freezing their density projections into land use regulations and they should be prepared to adjust the capacity of the already-built infrastructure to the density created by markets.
To anticipate the likely densities generated by markets, planners should have a good understanding of the way land markets work.
Markets do not work in mysterious ways. For instance, increasing households' income or decreasing land supply has consequences on housing prices that economists can easily anticipate. When markets are submitted to unanticipated external shocks -say, a sudden variation in gasoline prices -the impact on urban spatial structures is not immediate and planners have time to adjust their projections, providing they understand the implications of the changes.
In this working paper I will show that the spatial distribution of densities within cities -where the highs and the lows are located -is usually predictable thanks to the contributions of urban economists. The predictability of market forces and the peril of ignoring them is the main operational message of this paper.
Economists have contributed greatly to this predictability by enhancing our understanding of the spatial patterns caused by land market mechanisms. Urban economists have developed a family of mathematical models that predict relationships between location, land rent, and quantity of land consumed. The predictive quality of these theoretical models -in spite of being crude simplifications of a real city -has proven to be largely verified by empirical data, as we will see below.
In the second part of the paper I will show how theoretical models developed by economists can identify potential conflicts between urban development strategies and the predictable functioning of labor and land markets.
Urban strategies that are in obvious conflict with economic reality have little chance of being implemented, and if implemented are extremely costly to a city's economy. Poorly conceived urban strategies are not just innocent utopias, they misdirect scarce urban investments toward locations where they are the least needed and, in doing so, greatly reduce the welfare of urban households. These failed strategies make housing less affordable and increase the time spent commuting.
causalities by analyzing empirical data. Economists, like other social scientists, specialize; most neglect the spatial dimension of the economy. Urban economists, though, focus specifically on spatial organization.
Economists develop theories and hypotheses that they represent with mathematical models that are usually based on extreme simplifications of the urban reality. However, the purpose of these models is to have both descriptive and predictive power.
Economists test the relevance of their models by comparing the descriptive and predictive values they generate with empirical data collected in real cities.
Simplification is not necessarily a bad thing when we attempt to understand how something works. After all, the maps used by urban planners are also an extreme simplification of the real world. However, in spite of being a very simplified version of reality, maps' practical uses are not in doubt. A map at the scale of 1 to 1 would not be very useful. We should not reject a priori a theoretical construct because it rests on a model that is a crude simplification of a real and very complex city. The standard urban model described below is the necessary and appropriate starting point for understanding the way a city's spatial structure is shaped by land prices and how these prices emerge and evolve.
. TH E M O N O C E NTR I C M O D E L O R S TAN DAR D U R BAN ECO N O M I C S M O D E L
The monocentric-city model, or standard urban economics model, that was initially developed by Alonso (1964 ), Mills (1967 , Muth (1969), and Wheaton (1974) , is exceedingly simple, simplistic even. However, the monocentric model has turned out to be a robust guide or benchmark against which to compare the form of many large and complex cities, and economists therefore usually call it the standard urban model. I will use that term in the rest of this chapter.
The standard urban model provides the building blocks for more complex models, where some of the initial simplifying assumptions are relaxed. The more complex models, such as the "Regional Economy, Land Use and Transportation Model" (RELU-TRAN), developed by Alex Anas 2 , require many more inputs than the monocentric model. Many of these inputs, in particular the spatial configuration of the main circulation network, are city- Vol. 47, No. 3, 2007, Pp. 415-455 specific. As a consequence, these models provide more accurate results when some inputs change, as in the case of the RELU-TRAN model's calculations of projected commuting time and non-job related trips. However, because these more complex models require many city-specific inputs, using them makes it more difficult to draw general conclusions in the way markets influence shapes and densities in cities with different spatial configurations.
For this reason, in this chapter I will discuss only the use of the standard urban model. Strangely, not only is the simplest version of this model based on an extreme simplification of the spatial structure of real cities but its assumptions depart significantly from the way real cities are organized. In spite of its approximation of reality, the standard urban model has a strong descriptive and predictive power on the structure of most existing cities, including cities that are not monocentric at all, like Atlanta or Los Angeles.
The standard urban model is not a curious paradox limited to academic debates in specialized journals; planners can use it to solve practical everyday problems. For instance, I will show how a simple form of the model can be used to assess whether a city might be consuming an excessive amount of land at the expense of rural land, what the popular press would call "sprawl." The use of economic models should help clarify many issues concerning densities and land use that are too often approached in a more emotional than quantitative way.
By contrast, cities built without land markets --as cities of the former Soviet Union were --are the only ones for which the standard urban model has no descriptive and predictive power.
However, as the model is explicitly built to reflect the effect of land markets on urban structures, this exception should not be unexpected. In addition, when cities that had developed during several decades under a command economy --like the cities of Eastern Europe --resume operating under market conditions, their structures tend to converge again toward the pattern predicted by the model 3 .
The simplest version of the standard urban model is based on the following assumptions: 
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1. The city is located in a featureless plain where agricultural land has a uniform rent 2. All jobs are concentrated in a Central Business District (CBD) 3. People commute to work following an infinite number of straight radial roads
The reader will acknowledge that when I was talking about a gross simplification of real cities I was not exaggerating!
The model aims at predicting the variations in land price and density (i.e. land consumption) when land users compete with each other and when their transport costs are proportional to the distance between their residence and the city center. However, planners and economists can also use the standard model to analyze a specific city because it is relatively easy to relax some of the assumptions to reflect ground reality. For instance, real road distances could be substituted for the "as the crow flies"
distances assumed by the model. This is particularly useful when considering cities with unusual topography like Rio de Janeiro or Hong Kong.
The equations predicting land price and population density at a given distance from the CBD constitute the most useful properties of the standard urban model 4 . These equations show that rents, land prices and population density values will be the highest in the CBD and will fall as the distance from the center increases.
Urban land prices are driven by transport costs paid by users (direct cost of transport like transit fare, tolls or gasoline cost, plus the opportunity cost of the time spent traveling). Transport costs increase with distance from the city center. The trade-off made by land users between the cost of transport in different locations and their desire to consume land results in land prices decreasing as transport costs increase. Land users react to differences in land prices by consuming less land where land is expensive and more where it is cheaper. As a result, density decreases when the distance to the center increases.
The negatively sloped density curve reflects the way households and firms use land more sparingly when its price increases O' Sullivan's " Urban Economics" Irwin, (1993) closer to the city center. Land users are able to reduce their land consumption by building taller buildings where land is expensive close to the city center and less tall ones where land is cheap on the periphery. The declining price of land from the center to the periphery is responsible for the decrease in density as the distance to the center increases. Put another way, households and firms are compensated for their longer commute by being able to use more land and floor space.
It is important to realize that high land prices are causing high densities and not the other way around. I will expound upon the importance of the relationship of land prices --> density in the second part of this paper, which evaluates Hanoi's master plan.
The relationship between distance and land prices is expressed by the following equation:
Where:
• P is price of land at distance x from the center of a city;
• P 0 is the price of land at the center;
• e is the base of natural logarithms;
• c is "the price gradient," or the rate at which land prices falls from the city center.
For instance, in a city where the price of land in the center is equal to 1000 units and decreases to 150 units at 15 km from the center, the price gradient would be 0.13. The price of land at a distance x from the center would decrease following the profile shown in Figure 1 .

Figure 1: Profile of land price changes by distance from city center
The equation that gives the variation of population densities by distance to the center is similar to equation 1:
• D is the population density at distance x from the center of a city;
• D0 is the density at the center;
• g is "the density gradient," or the rate at which density falls from the city center.
The gradients c for price and g for density are the most important outputs of the model as they provide the rate at which the prices and densities change with distance from the city center. The more expensive the transport (in time) and money (relative to households' income), the steeper the gradient.
In a real city, we can easily calculate the existing density gradient by running a regression analysis on observed price or density points at various distances from the center (Figure 2 ). In annex 1 I describe the methodology I used to calculate densities at various distances from the center of real cities in the following examples.
The graphs in Figure 1 and Figure 2 show the average price or density by distance from the city center. However, in some cities there could be significant variations in price and density gradient depending on the direction along which the prices and densities are measured. For instance, in cities like Paris -where households' incomes are much higher in the western part than in the eastern part of the city -the gradient would be flatter on the west side than on the east side, as the gradient depends on the ratio between households income and transport costs. The same dissymmetry would be observed in Chicago for the north side vs.
the south side of the city.
The profile of densities shown in Figure 2 will change over time as income and transport technology change. For instance, increase in households' income, decrease in cost, and increase in speed of transport would flatten the profile of both prices and densities.
Inversely, an increase in population, everything else being equal, would increase both land prices and densities. The economists that developed the standard urban model are not proposing it as an absolute optimum urban structure.
They are only saying that, given transport costs, income, and total population, this is the way market forces will distribute prices and densities around a central point, providing the assumptions of the model are met. The objective of the model is to be descriptive and predictive. For instance, if transport costs decrease by x percent, with everything else staying constant, the city is likely to expand by y kilometers.
However, economists assume that if the utilities and production functions forming the base of the model were correct, then the welfare of households and firms would be optimized when the land prices and densities reach the equilibrium profile predicted
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by the model. Households and firms settling farther away from the center are being compensated for their higher transport costs with lower land prices.
The model assumes that if the land market is able to function without too many distortions, the profile of prices and densities will correspond to a distribution of land between users that will reflect the "best and higher use." There is therefore a hint of spatial optimization when subsidies, taxes, or regulations are not distorting land prices and transport costs. While these conditions are probably never met in the real world, the model tells which directions the prices and densities would be moving if the distortions were removed.
For instance, in countries where the price of gasoline is heavily subsidized, like in Egypt, Iran or Mexico, the standard model tells us right away that cities will extend much farther away from the center than in cities where the price of gasoline reflects market prices 5 . In these countries, it is useless for planners to try to devise regulatory barriers against "sprawl," it is only necessary to remove the subsidies on gasoline to get closer to an optimum equilibrium between distance and quantity of land consumed.
The use of an abstract theoretical model can therefore suggest practical solutions in the real world in which planners are working.
The users of urban roads seldom pay market rents for the road area they occupy 6 while commuting; their transport cost is therefore subsidized by the amount of rent they are not paying for using roads. Users of the standard urban model can then infer that the subsidy in the use of road space increases the built-up area of the city by an area that can eventually be calculated. Pricing the use of roads through tolls could eventually restore land consumption to an optimum level. Using market mechanisms to improve land use efficiency would achieve better results than trying to design regulations to achieve the same results.
Because the model provides the profile of densities and prices under undistorted market conditions, it is possible to How well do the density profiles of the 12 cities in Figure 3 fit the predictions of the standard urban model? The model predicts that the population density of a city will decrease from a central point toward the periphery following a negatively sloped exponential curve. The profiles of observed densities for the 12 cities fit an exponential density curve as predicted by the model. The fit between the actual density profile and the model exponential curve (represented by a red line on the graphs of Figure 3 ) is striking. We can learn a lesson from the density profiles of Figure 3 and Paris' price profile in Figure 4 . Densities and land prices are not produced by "design" but by market forces. A planner thinking that a city would be improved by having higher densities should therefore advocate higher land prices. More expensive or slower transport would increase the desirability of neighborhoods closer to the city center and therefore increase their land prices, everything else being equal. city -defined as a city that uses less land for sheltering the same number of people as another city -has a price. This price will not be paid by the urban planner advocating it but by the households and firms who will live in that compact city. Planners advocating a "compact city" strategy, however, think that it will happen by just assigning densities for different city locations on a master plan.
I am not exaggerating here, many master plans "design"
densities the way an architect may decide the color of a building.
In the last part of this paper I will show a concrete example of arbitrarily planned densities -Hanoi's master plan -and the problems it causes. The second worker is located at point B (middle graph in Figure   6 ), which is 6 kilometers from the built-up area's centroid or halfway between the city center and the edge of the built-up area.
He will have access to only 54% of jobs, as the area he can reach by traveling 30 minutes does not completely overlap with the city's built-up area where the jobs are located.
The third worker is located in C, at the edge of the built-up area (right hand graph in Figure 6 ). She will be able to reach only 28% of the built-up area and therefore only 28% of the jobs in the city. If worker C wants to reach the same number of jobs as, say, worker A, she could do it by traveling longer than 30 minutes.
From this schematic graphic example we can see that, even in an acentric city where jobs are evenly distributed within a city, the advantage of a central location still exists in terms of access to the labor market and to amenities. Although jobs and amenities are uniformly distributed within the built-up area, a household located close to the center of the urban shape (it does not need to be a central business district) has access to more jobs and amenities than a household located at the periphery within the same travel time. This locational advantage would generate more demand for more centrally located housing and it explains the existence of a density gradient with densities decreasing outward from the centroid of the urban shape, as we have seen in the density profile of Los Angeles in Figure 5 .
The accessibility advantage of a centrally-located household is not as strong in an acentric city as it would be in a monocentric one, but it is still significant. If the hypothesis represented by Figure 6 is correct, we would expect acentric cities with a uniform or quasi-uniform job distribution to have a density gradient that still shows a decrease in densities with distance from the centroid of the built-up area, even in the absence of an identifiable CBD.
Obviously, an acentric city would have a lower density gradient than cities that have retained a dominant CBD, like Beijing, Barcelona and Paris. The value of Los Angeles' density gradient (Table 1) is only about 1/6 of Beijing's and about 1/3 of the gradient of Barcelona and Paris, which is consistent with our hypothesis on acentric cities. The small sample presented in Table 1 does not constitute irrefutable proof that the value of population density gradients decreases when job dispersion increases in a metropolitan area, but it shows that the standard do the densities not decrease exponentially from the city center, they sometimes also increase or follow a U profile. However, these exceptions should not surprise us. After all, the main claim of the model is that it reflects the spatial structure self-generated by free land markets. Planners and engineers designed these cities within a political system that allowed them to ignore land prices.
The absence of market generates alternative forms to the one predicted by the standard urban model. This is not surprising; supply and demand forces, which are absent in a command economy, shape the urban structures predicted by the model.
The predictive capability of economic models is important for 15 For a discussion of cities developed without land markets in command economies see "Socialist Cities without
Land Markets", by Alain Bertaud and Bertrand Renaud, Journal of Urban Economics, 1997, 41, (1), 137-151 operational urban planning Economic models, in spite of their theoretical simplifications, are most useful for their predictive capability. The operational value of economic models rests in their ability to forecast general directions in land and housing price levels and in densities when income, land supply, transport cost, and transport speed change. Economic models cannot provide accurate projections of densities in specific areas of the city, but they are useful to anticipate the general direction of relative price and densities.
One of the main lessons to be learned from the use of economic models is that variations in densities and land price are usually predictable and caused by variations in households' and firms' income, transport costs, and by the elasticity of a city's land supply.
Land and housing prices and densities obey the basic demand In cities other than Paris, most regulatory constraints on floor area ratio aim at "controlling" densities and therefore creating an artificial shortage of floor space or developed land. Consequently, these regulations usually increase densities -the opposite of the desired result. Mumbai, where planners attempted to reduce densities by limiting the floor area ratio in a draconian fashion, has, as a result, one of the highest average built-up densities in the world 17 .
The same is true for regulations aimed at increasing densities.
In the absence of consumer demand, planners cannot increase densities by regulatory fiat. Regulations that limit the number of dwellings per hectare, for instance, are an attempt to "design" densities through the proxy of regulations.
There is nothing wrong with planners attempting to project the number of dwellings per hectare that the market is likely to supply in a given neighborhood. But to attempt to transform that guess into a regulation is both detrimental and delusional. also define how much total land a city will consume and, by extension, the limits between urban and rural land. As I will show below, the standard urban model explains how and why markets, whether distorted or not, establish this limit.
The expansion of cities into the countryside, often called "sprawl"
when this expansion is considered wasteful, is probably one the most emotional urban issues discussed by the popular press and by advocacy groups. A Google search for the word "sprawl" 19 returns 5.9 million entries! The concern about the ever-expanding limits of cities is at the core of the popular advocacy for "smart growth" and for "sustainable cities", which ask for the forceful containment of cities' expansion. Many urban critics and planners argue that unregulated cities expand too far into the countryside, causing increased commuting distances and dangerously decreasing the 
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amount of land devoted to agriculture. These critics call "sprawl"
what they judge as excessive urban expansion at what they think are too low densities.
Presumably there is some population density threshold above which a city's development is "non-sprawl" and below which development is "sprawl." However, the anti-sprawl advocates t h e c o n c e r n f o r t h e l o s s o f a g r i c u lt u r a l l a n d
Often cities must expand into valuable agricultural land, which might appear to be a zero sum game between the area devoted to agriculture and the area occupied by cities. Because the The Chinese government, alarmed by the fast pace of urban expansion, has set urban land development quotas that severely Many observers of rapid urbanization in Asia are alarmed by the fact that cities' land coverage expands at a faster pace than the urban population. As I was advising on the development of Tianjin in 2007, the city's managers were alarmed that Tianjin's land area was developing at a faster pace than its population ( at the same densities as their core implies that densities should be uniform from the core to the periphery and that densities had been optimal since the city's foundation.
The standard urban model tells us that densities will decline as household incomes increase and transport technology improves.
This is not a sign of inefficiency but a rational reallocation of inputs. As most of the new land development occurs on the periphery, it is normal that the density of newly developed land will be lower than the city average. The outer limit of built-up area of the city will be located at a distance x. At a distance shorter than x, developers will be able to outbid the agricultural price that farmers could otherwise get, enticing them to sell their land. Therefore, at a distance shorter than x, land will be converted from agricultural to urban use. Beyond the distance x, developers can only offer a price lower than the agricultural price of land. Farmers will therefore be unlikely to sell their land and the land will remain under agricultural use. The higher the price of agricultural land, the shorter the radius of urbanization x, everything else being equal.
This has an important, interesting implication about the way cities expand. For a given population, a city's land prices and densities will be higher if it expands in highly priced agricultural land.
This is rather straightforward. Setting the limit of urbanization does not require conspiracy theories involving greedy developers in cahoots with devious car manufacturers, as one of the most persistent urban legends would have it 24 .
We can see, if we accept the firms' and households' utility function implicit in the model, that the areas and densities of cities (implicit in the location of x), have no normative "good practice" value but are dependent upon the price of urban land at the fringe of urbanization compared to the price of agricultural land. Cities expanding into very productive agricultural land would have a smaller footprint, and therefore a higher density, than cities expanding in a desert, everything else being equal.
Imposing a minimum normative density, such as the 100 people/ t h e u r b a n -r u r a l b o u n d a r y w h e n t h e p r i c e o f a g r i c u lt u r a l l a n d i s d i s t o r t e d
The point d on Figure 10 , showing the limit of urbanization, is at the distance x where the price of urban land equals the price of agricultural land. If neither of these prices are distorted, this distance, and by extension the entire built-up area of the city, could be considered optimal. In other words, this distance and built-up area would maximize the utility of urban dwellers and firms as well as the farmers cultivating land at the edge of cities.
However, if one or both prices were distorted, the point d would no longer represent the optimal limit of urbanization. For instance, let us look at the consequence on the urbanization limit, and therefore on a city's land consumption, when the acquisition price of agricultural land is undervalued compared to its real market value when based on agricultural productivity (Figure 11 ).
Let us suppose that the acquisition price of agricultural land (line A1) is lower than its real implicit market value (Line A2). This distortion in the price of agricultural land could be caused by a government using eminent domain to expropriate land occupied by farmers and paying a lower price than what they would obtain on a free market where the agricultural land price had been based on the capitalization of the rent produced by the land. This type The graph in Figure 11 illustrates this situation. The price of urban land becomes equal to the undervalued price of agricultural land at point d1 at a distance x1 from the center.
However, if the market price of agricultural land had been used, then the limit of urbanization will have been in d2 where the urban land price crosses the line A2 at a distance x2 from the city center. We can see that x1, the limit of urbanization with an undervalued agricultural price, is significantly farther away than x2. Undervaluing the price of agricultural land would therefore contribute to an overconsumption of land by urban users at the expense of agricultural land and therefore a misallocation of resources.
p r i c e s d i s t o r t i o n s m ay c a u s e a n o v e r -o r u n d e rc o n s u m p t i o n o f u r b a n l a n d
The use of the standard urban model is unlikely to allow us to calculate the exact distance corresponding to an undistorted agricultural price. However, it does allow us to be certain that an undervaluation of the price of agricultural land will lead to an overconsumption of urban land. People concerned about the potential loss of agricultural land caused by urbanization can use the standard urban model to identify distortions that will eventually lead to the overconsumption of urban land.
The use of the model points to the obvious solution to reduce land consumption to a more optimal level. The solution is for developers to pay a market price for agricultural land. 
Portland (Oregon) has been one of the first cities in the US to impose an Urban Growth
Boundary (UGB) , it consists in a boundary, reviewed every 4 years, which limits the extension of the city to the area within the boundary. A large literature exists on the effect of the UGB on land and housing prices.
The UGB concept is applied for all the larger cities in the state of Oregon.
to establish x2 accurately, this distance would not be optimal for long; agricultural productivity, urban incomes, and transport costs are likely to change over time, requiring a displacement of x2 .
Prices could be distorted in other ways. Agricultural prices could be inflated by subsidized irrigation, for instance, resulting in a misallocation of land, this time at the expense of urban land. Urban land prices themselves could also be distorted by large infrastructure subsidies, transport subsidies, or gasoline subsidies. Governments should correct the misallocation of land between urban and agricultural use through the suppression --or at least a decrease --of price distortions, not through design solutions such as zoning regulations.
To remedy perceived excessive urban land consumption, which may or may not exist, planners usually advocate imposing green 
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belts or urban growth boundaries that use design to limit the city expansion. Economic models allow us to understand which conditions might lead cities to consume an excessive amount of land. When overconsumption occurs, it instructs us on what to do to correct it using market mechanisms rather than arbitrarily designed solutions.
Market solutions constantly adjust to changes. Design solutions (for instance, an urban growth boundary a la Portland, Oregon) create rigidities and further distortions.
w h at h a p p e n s t o t h e u r b a n b u i lt -u p b o u n d a r y w h e n a g r i c u lt u r a l l a n d p r i c e i s n o t u n i f o r m ?
The most simplified form of the standard urban model assumes We can see from both the map and the graph that the city expansion is dissymmetrical around the city center as predicted by the model. Toward the northwest, the short distance from the medieval city would make land attractive for development, but urban developers cannot outbid the high "premier cru" vineyard price. The city's built-up boundary toward the northwest is therefore set at a short distance from the city center. By contrast, toward the southeast, the much cheaper price of vineyards where "Bourgogne AOC" wines are produced, which allows the city to expand more freely in this direction. The exceptionally high price of agricultural land surrounding Beaune constrains the expansion of the city and is likely to make urban land exceptionally expensive. Apartments for sale in Beaune near the historical center were advertised at US $4,000 per square meter in
2014.
The Beaune example shows that urban and agricultural prices shape cities. The dissymmetry of Beaune's built-up area has nothing to do with design but reflects market price differences.
The very valuable land on which "premier cru" wines are produced does not need to be protected by a green belt or zoning, it is protected by the high price of Burgundy wine on the world market. This example also shows that, when needed, the assumptions of the standard urban model can be selectively relaxed and adapted to circumstances that differ significantly from the initial assumptions.
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The land development cost and the limit of urbanization third, overhead costs that include design, supervision and "file pushing" to obtain the various permits from different departments; and fourth, financial cost represented by interest during construction (interest has to be paid on the amount disbursed between the time land is acquired and the time when all the plots are ready to be sold to builders).
The total area of land sold by developers to urban land users is therefore less than the area that developers buy from farmers.
The roads and open spaces built by developers are usually transferred free of charge to the local authority. The total cost per square meter of salable developed land that will have to clear the market, i.e. that will be on or below the curve U in Figure 14 , is given by the formula:
k= ( of the developer will be the difference between k and the sale price of developed land when it will finally be sold to builders.
Because it takes a long time (several years for large projects)
between the time agricultural land is acquired and developed plots are ready to be sold to builders, the price of developed land at the time of the sale is often quite uncertain 28 . This sale price could be higher or lower than k. If it is lower than k the land developer will have to either take a loss on the project or wait for the price of developed land to increase in the area until it is higher than k. However, during this period the developer will have to pay interest on k, further increasing the cost of developed land.
Comparing the price of agricultural land to the sale price of developed land and assuming that the difference represents the developer profit is therefore completely misleading.
For instance, let us assume that a developer buys land from farmers at $100 per m2, that the cost of civil works, overhead, Let us now revisit the distance between the limit of urbanization and the city center after taking into account the land development costs set by local regulations (Figure 14) . Line it increases the cost of developed land at the edge of cities and it decreases the supply of developable land (by increasing the distance between x1 to x2,), thus increasing the price of land everywhere else in the city.
Regulations impose an urban development limit at x1. However, an informal building sector that ignores regulations exists in many countries. This informal sector includes individuals as well as developers building houses and commercial buildings that do not meet the minimum standards imposed by regulations and therefore for whom the x1 limit is irrelevant. The area between x1 to x2 is likely to become an urban fringe area where the urban labor market will expand by including farmers progressively switching to urban jobs and where informal settlements will We will see the consequence of the extension of the urban labor markets in rural areas when discussing Hanoi's master plan.
Many cities of Asia are located in the middle of dense rural areas.
The population living in rural areas adjacent to big cities often contributes to increase the size of the labor market without requiring migration. This increase might be important in parts of Asia where the rural densities are high, like in Bangladesh, South East Asia, and eastern China. For instance, the map in Figure 15 shows the large numbers of villages located between 20 and 30 kilometers to the east of Luoyang (China). There is no trace of formal urbanization in the area, but a motorcycle would allow farmers to commute to Luoyang in less than 40 minutes.
The population of these villages may participate in the urban labor force far before any agricultural land is converted into urban land. These villages are likely to be incorporated into the built-up area of the city when the price of urban land in their area becomes higher than the price of agricultural land.
w h at t y p e o f d e v e l o p m e n t m i g h t h a p p e n b e t w e e n x 1 a n d x 2 ? th e e m e r g e n c e o f t h e i n f o r m a l s e c t o r a n d p a r a l l e l m a r k e t s
What is likely to happen between x1 and x2? Between these two points 31 , at the fringe of cities, farmers are likely to be willing to sell their land to developers at a price higher than the agricultural price. However, formal developers cannot bypass a building permit if they want to apply for construction finance. They will therefore not buy land between x1 and x2, as the cost of development that would meet regulatory standards will not clear the market (between x1 and x2, K is above curve U).
Some consumers, however, may be quite satisfied by land development standards that are lower than the ones prescribed by regulations if they result in cheaper housing. When there is such demand, informal developers, not relying on the formal financial system, will be willing to buy land from farmers and develop it at standards that cost less than K. Between x1 and x2, farmers will only receive an offer for their land at a price above the agricultural price from informal developers. Some farmers might prefer to continue farming and wait for urban land prices to increase further to allow them to sell later to formal developers 32 .
However, some farmers may decide to sell to informal developers or even informally develop their own land themselves. In cities where urban regulations make land unaffordable to a part of the population, we can expect to see scattered urbanization made of informal settlements between x1 and x2.
Informal developments might be built by developers in a planned fashion or might be created spontaneously by squatters on government land. Developer-driven informal development is, in my opinion, much more common than squatter settlements although there is no real hard data on the subject worldwide.
In this paper I will use the term "informal development" to designate a settlement developed by developers at standards not meeting the regulatory requirements but meeting the demand of a segment of the population, and in general below the cost K as defined in equation 3.
We are working here on a simplified version of reality. In real cities the distance from the center to the points x1
and x2 might varies depending on the geographic location.
32 As the population expands, incomes increase, and the price of transport relative to income decreases, both x1 and x2 will eventually shift to the right. poorly conceived land use regulations that do not take into account the income of the poorer households.
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Informal
Robert Neuwirth, "New York's Housing Underground: A Refuge and a Resource" Pratt Center for Economic Development and Chhaya CDC (2008).
In countries where land development control is weak, the urban land price curve, defined by the standard urban model, will then correspond to two types of development: new formal development that will be located in areas between the city center and x2, and new informal development that is likely to grow between x2 and x1. Eventually, as household income increases and transport costs decrease, urban land prices will increase pushing the formal development boundary further to the left of x2. Formal and informal development will then be found side by side in the same area, while new informal settlements will develop beyond the new x2 point.
Informal development is a market response to the design rigidity imposed by regulations. Informal land development introduces a form of land supply elasticity in cities where regulations significantly decrease the land supply (x2 is smaller than x1).
In the absence of new informal developments, the increase in the supply of housing units for lower income households can happen only through the densification of existing low-income neighborhoods, which reduces the consumption of low-income households. Therefore, the enforcement of urban planning rules frequently contributes to lowering the housing consumption of the poor.
The two aerial images in Figure 16 show informal developments at the fringe of cities in Surabaya (Indonesia) and in Mexico City's Federal District. In Surabaya, villagers have jointly developed agricultural land below the minimum standards for street width and plot sizes established by their government.
However, the Indonesian government rightly tolerates this form of development, provided they form an organized community 3 . a co n c r e t e a p p l i c at i o n o f t h e s ta n da r d u r b a n m o d e l : a n e va luat i o n o f t h e h a n o i m a s t e r p l a n About once every ten years, many cities prepare a new master plan to guide future development. The master plan preparation usually follows the availability of new decadal census results.
Typically, a master plan consists of three components. First, a review of past development trends and an identification of current issues; second, a declaration of development objectives and priorities; and third, a proposal for future development --including a land use map of areas to be developed, a proposal for new zoning regulations, and a list of public investments in civil work and social infrastructure consistent with the implementation of the plan's objectives. In democratically elected municipalities, public hearing and public participation is expected during the various phases of preparation and before final approval by the municipal government.
The need to review periodically and to adjust a city's development objectives and ongoing infrastructure investments is certainly justified. However, whether this review should be done during a massive data gathering exercise every ten years is rather dubious.
The traditional master plan exercise seems to be a fossil left The master plan concept is based on the false assumption that city development is similar to large civil work projects, requiring the preparation of a detailed blueprint that will be followed by a construction period of 10 years. While I consider the preparation
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of master plans a waste of money and energy, the reality is that most large cities in developing countries hire large engineering consulting firms to prepare these master plans. It is therefore important to look at their impact on the development of cities.
Often, many large international lending institutions, such as the World Bank and bilateral development agencies, finance part of the urban infrastructure in developing countries. For these institutions, master plans, "structural plans", or "city strategies" are a convenient way to provide them with a list of potential investments from which they may select their medium term lending program. They therefore tend to support, at times financially, the preparation of such documents, because it simplifies their appraisal process.
Master plans provide a spatial blueprint for the development of cities based on an engineering design approach to city development. Consequently, they usually completely ignore the market forces linking land prices and densities described in the preceding sections of this paper. They use a top-down "design" approach and project the spatial distribution of jobs and people across a metropolitan area based on the preferences of the designer, often justified as a "scientific approach."
The master plan for Hanoi reviewed below is unfortunately quite representative of most of the master plans that I have reviewed during the last forty years. We will see that the spatial development blueprint it contains violates most of the theoretical and empirical principles related to the standard urban model. Planning the expansion of the city and a transport system that would allow the labor market to function is likely to become a major challenge. Transportation planning is worthy of significant attention in a master plan, but instead these authors instead focus on preserving agricultural land. Unfortunately, denying the reality that tripling of population will require at least a tripling of developed land will in the long run lead to poor infrastructure.
This will be detrimental to the goal of sustainability that the authors purport to pursue.
t h e m a s t e r p l a n s p at i a l c o n c e p t : p r e s e r v i n g a g r i c u lt u r e
The schematic projected land use plan is shown on the right side The master plan does not provide numbers to justify these assertions, which are central to the spatial development strategy.
We will see below that the costs that the inhabitants of Hanoi will incur by preventing the urbanization of the agricultural belt will be extremely high and will far outweigh any benefits implied by these arguments. My main objection to the creation of an agricultural belt that would split the city into two parts is that it will disrupt residents' ability to interact with each other and participate efficiently in labor and real estate markets. By ignoring what we know about labor and real estate markets, it will prove to be extremely costly for Hanoi's households and firms.
Let us test the consistency of the master plan spatial concept shown in Figure 17 with what we know about the ways labor and
land markets work. If the spatial extension of the population prescribed by the master plan contradicts the way labor and land markets work, it is unlikely to be implemented because of the high cost that will be incurred by households and firms. Therefore it is likely that the city will grow following a different spatial pattern from the one projected by the plan.
Unfortunately, it is also likely that the government will build the infrastructure as planned. This will result in further waste, as the infrastructure will not be built where the new population has settled. This is a common outcome of master plans. I have seen it happen in other cities as diverse as Karachi and Cairo.
t h e m a s t e r p l a n s p at i a l c o n c e p t i s i n c o n s i s t e n t w i t h t h e f u n c t i o n i n g o f l a b o r m a r k e t s
The master plan projects that 9 million people will live within the Hanoi Metropolitan area in 2030. Among them, 3 millions will remain "rural", not because they will live in areas that are too remote to participate in the urban labor market, but because they likely to have a much lower income than farmers who decide to seek urban employment. The short distance from the agricultural belt to Hanoi's city center will provide a significant employment advantage to farmers seeking urban jobs over the workers in satellite towns located much farther away. The master plan's assignment of workers to rural or urban job is based purely on whether they will live within the arbitrary perimeter of the "agricultural belt", not on distance from urban jobs. In addition, the projected network of highways and rapid rail crisscrossing the agricultural belt will greatly decrease the time required to travel to the center of Hanoi, increasing the opportunity for workers to shift from low rural wages to higher urban wages.
The arbitrary assignment of workers to rural or urban jobs is solely based on planners' choice and is therefore unlikely to be implemented: no zoning regulations can force people to work in one sector of the economy rather than another! It is very likely that in 2030 owners of rice paddy fields in the agricultural belt will face difficulties in finding enough labor to work in their fields, because of the competition with better paying urban jobs. Preventing urban development in the agricultural belt is therefore unlikely to meet its main objective, which was to preserve rice production in this area. Plans that contradict the functioning of labor markets are unlikely to be successful.
t h e m a s t e r p l a n s p at i a l c o n c e p t i s i n c o n s i s t e n t w i t h t h e f u n c t i o n i n g o f l a n d m a r k e t s
The villages currently within the agricultural belt occupy about 23% of the belt area ( Figure 17 ). As soon as the planned road infrastructure would be built, the transport time and cost toward Hanoi's main employment areas will likely decrease.
Consequently, the price of houses in these villages will increase and will likely follow an urban price gradient centered on Hanoi's city center, as predicted by the standard urban model. The likely high rent generated by floor space located in these villages will be a strong incentive for farmer to increase the number of floors of existing houses or to build new ones in their backyards. The area is likely therefore to densify, sheltering the families of urban farmers and additional urban workers. The density in these villages will increase in the same way that the density in the villages in Hanoi's closer periphery has increased in the past.
The cultivated land around the villages of the agricultural belt will of course be under the same developmental pressure as the land occupied by villages. Originally, the price of land in the agricultural belt will reflect the income generated from
cultivating rice. But as urban households' incomes increase and transport cost to the center of Hanoi decreases, the demand for urban land from households and firms will increase.
Consequently, the price of land in the agricultural belt will increase and become much higher than the price of land under agricultural use. The profile of land prices and densities will follow the profile predicted by the standard urban model and will be similar to the graph of Figure 10 , with the peak land price and density at Hanoi's CBD. We may safely assume that most of the agricultural land within the planned agricultural belt will soon have an urban land value much higher than its agricultural value. Under the spatial concept of the plan, farmers outside the agricultural belt would therefore be allowed to sell their land to developers, raising substantial revenues for themselves and the local government, while farmers inside the agricultural belt limits will have no other option but to keep growing rice on it. Obviously, there would be a lot of political resistance, in particular because the limit establishing the agricultural belt is arbitrary. Farmers, local government, and developers will lose a lot of potential revenue because of the creation of the agricultural belt; they will form a powerful coalition to prevent its implementation. Households seeking low rents or cheap housing in areas with good job accessibility would prefer to settle in the agricultural belt than to be forced to live in satellite towns at a much longer distances from jobs.
The apparent drop in land value caused by the interdiction to build the agricultural belt may also become a large source of inequity and corruption. Local government could expropriate farmers from their land, paying agricultural land prices for it -as officially this would be the only use permitted. Later, an unscrupulous intermediary could resell the land to a developer at a much higher price after obtaining an amendment to the master plan by creating enclaves of urban development in the agricultural belt.
w h at w o u l d t h e c o n s e q u e n c e s o f c o n s t r u c t i n g t h e i n f r a s t r u c t u r e d e s i g n e d i n t h e m a s t e r p l a n b e ?
Because the planners who designed the master plan failed to understand the way labor and real estate markets work, the spatial distribution of densities in 2030 are likely to be very different from the designed densities shown in the plan. Higher population densities will be concentrated in the eastern part of the agricultural belt, decreasing toward the West. If the government implements the infrastructure investments programmed in the master plan, there will be a mismatch between the infrastructure built and the actual spatial distribution of the population. The new dense developments that will emerge in the green belt will generate many trips with no matching road and transport network. The large, newly urbanized areas within the agricultural belt will be deprived of a comprehensive sewer and drainage network that could protect the environment and prevent periodic flooding. Indeed, the protection of the rice paddies of the agricultural belt will require the conservation of the current irrigation network. An urban storm drainage system preventing seasonal flooding is incompatible with irrigation. Eventually, at a much later period, when the agricultural belt is fully urbanized, the government will have to build a comprehensive sewerage and drainage system as is being done in Bangkok and Jakarta, but at a far greater cost than if it had been designed before urbanization had taken place. Building a regional storm drainage and sewer system in the monsoon countries where Hanoi is located requires complex hydrological studies of the area, which have not been conducted because the agricultural belt is meant to remain rice paddies.
The lack of well-designed recreation areas will be another casualty of the master plan. The plan considers the rice paddies a "green reserve" by themselves and consequently does not identify specific areas in the agricultural belt reserved for The implementation of the plan would also significantly increase commuting time and energy used by urban transport compared to what it would have been if development prices and densities had followed the standard urban model. The agricultural beltfrom 20 to 30 kilometers wide -separates the core city from the satellite towns. This distance will add to the commuting time for those who live in the satellite towns but work in the core city and for those who live in the core city but work in the satellite towns.
Would the implementation of the master plan create any benefits that could compensate for the higher cost of housing and transport? The master plan mentions three major benefits that would be directly derived from its proposed spatial arrangement:
first, the agricultural belt will save on the cost of transport for the rice consumed by Hanoi's urban population; second, the agricultural belt will provide a useful green space for recreation;
and third, by avoiding development in rice paddies it will decrease the cost of infrastructure development.
The argument that creating an agricultural belt in the middle of
Hanoi's metropolitan area will save on agricultural transport cost is naïve at best. The dense highway network designed to link the two parts of the city shows that the planners are well aware that intense commuting will take place between the two parts of the city. The agricultural belt will significantly increase commuting length and cost, as can be seen on the map of 
The third argument, that paddy fields are prone to flooding and are expensive to develop, is somewhat more valid than the first two. However, in 2010, villages inhabited by a population of about 2 million people already occupied 23% of the area within the agricultural belt. It therefore seems that the area is not impossible to develop. Anyway, it would be even more expensive to develop a network of highways and rapid transit (map of Figure 17 ) across the same paddy fields as the ones proposed by the master plan without developing the land adjacent to the highways. Many large cities of South East Asia, among them Bangkok and Jakarta, have been developed on former paddy fields. Land development in paddy areas requires careful planning of an elaborate drainage system, but it is commonly done all over South East Asia.
t h e d i a g n o s t i c o f h a n o i 's m a s t e r p l a n : a l l o c at i n g u r b a n l a n d a n d a c t i v i t i e s i s n o t a p u r e d e s i g n e x e r c i s e b u t r e q u i r e s a n u n d e r s ta n d i n g o f h o w l a b o r a n d l a n d m a r k e t s w o r k
The problem with Hanoi's master plan is not caused by an Planners should use the standard urban model to better understand how markets work in the city they are managing.
They can use the model to anticipate the effect of regulations and infrastructure on land prices and rents. They can plan, finance and build the infrastructure that would increase the supply of land and therefore decrease housing cost. They can design transport systems that decrease commuting time and cost, another way of increasing the supply of land and increasing
mobility. They should design transport systems that are consistent with the densities set by the land markets rather than design densities that would make a preselected transport system feasible.
In general, fixing minimum consumption for land and floor space through regulations such as minimum plot size, maximum floor area ratio, and maximum number of dwelling unit per hectare introduces rigidities in the market that have negative impacts on poorer households for whom these regulations are binding. Planners should therefore abstain from using these regulatory constraints on minimum land and housing consumption as they hurt the poor the most and trigger the growth of informal markets.
Only after they have a good understanding of how local real estate markets function can planners anticipate future land market values to plan infrastructure networks that will be consistent with anticipated densities. Constant monitoring of land prices and rent could provide planners with feedback that could help them amend their infrastructure plans if their projection appears to diverge from reality.
Unaffordable housing is a plague affecting many large cities.
Monitoring the ratio between median income and median housing price allows us to constantly measure housing affordability. When the price to income ratio becomes higher than 4, planners should take immediate action. This action could be to increase land supply through new infrastructure development or to audit land use regulations and building permit practices that may make developed land and housing prices abnormally high. Urban planners should be held responsible for unaffordable high price/income ratios in the same way that public health officials are held responsible for infectious disease epidemics, or police are held responsible for high crime.
In the case of Hanoi's master plan, planners should have surveyed house rents and the price of land in new housing developments in the agricultural belt. If they had done so, the very high cost imposed upon the two million farmers already living there by preventing further development in the agricultural belt would have become evident. A quick survey of agricultural wages compared to urban wages would have also allowed them to anticipate that most agricultural workers would eventually switch to urban jobs as soon as they had access to them through better transport networks. The lack of understanding of land and labor markets led the planners to design a metropolitan infrastructure that will be at odds with the likely spatial distribution of the population.
The standard urban model is a very crude instrument that provides an understanding of the basic movement of land prices and rent when income, transport costs, and land supply change over time. Planners could design more complex models to anticipate price movements or commuting patterns in cities with specific constraints, in particular topographical constraints like bodies of water or steep mountains. However, no infrastructure or regulatory design decision should be taken without accounting for its impact on the land market.
